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A recent  s e r i e s  of experiments a t  LAMPF has  shown Data ana lys i s  is  only i n  t h e  prel iminary s tages .  
t h a t  a number of s t a t e s  i n  12c a t  e x c i t a t i o n  energies  Nevertheless some i n t e r e s t i n g  f e a t u r e s  a r e  a l ready 
grea ter  than 18  MeV a r e  populated i n  var ious  r eac t ions  apparent .  The t h r e e  two-nucleon pickup r eac t ions  
with su rp r i s ing ly  l a r g e  s t r eng th .  For example, i n  e x c i t e ,  among o the r s ,  l e v e l s  a t  18.8, 19.6 and 20.6 
1 2 ~ ( ~ , ~ ' )  12c* experiments with T =I80 M ~ v , ~  l e v e l s  a t  MeV of e x c i t a t i o n  i n  12c (o r  t h e i r  analogues) .  The 
19.3, 20.6 and 21.6 MeV i n  e x c i t a t i o n  have much g r e a t e r  p a t t e r n  of e x c i t a t i o n  is shown i n  Table I. One can 
s t r eng th  than might be an t i c ipa t ed  on the  b a s i s  of t he re fo re  conclude t h a t  t h e r e  a r e  p o s i t i v e  p a r i t y  l e v e l s  
i n e l a s t i c  s c a t t e r i n g  experiments us ing  conventional  a t  these  e x c i t a t i o n s ,  t h a t  t he  18.8 MeV l e v e l  has  T=l,  
p r o j e c t i l e s .  Also, i n  t he  3 ~ ( p , d )  12c r e a c t i o n  a t  t h e  19.6 l e v e l  T=O and t h e  20.6 l e v e l  has  both T=O 
T -800 M ~ V ~  very s t rong  l e v e l s  a r e  seen a t  20.6 and and 1, though i t  is  predominantly T=O. 
P 
25.6 MeV of e x c i t a t i o n  while a t  lower energies  The ( d , t )  r eac t ion  e x c i t e s  both t he  18.8 and 20.6 
(T2185 MeV) t h e  same r e a c t i o n  populates t hese  s t a t e s  
r 
weakly o r  not  a t  a l l .  Table I. Summary of some ( p , t ) ,  (p ,h) ,  (d,a)  r e s u l t s  leading  t o  f i n a l  s t a t e s  of 'c. A check mark i n d i c a t e s  
apprec iable  y i e l d  i n  t h a t  r eac t ion  a t  t h e  t h r e e  p a i r s  
It is apparent from these preliminary of angles i nd i ca t ed ,  s e l ec t ed  t o  have roughly t h e  same 
momentum t r a n s f e r  f o r  r eac t ions  induced by both pro- 
t h a t  t h e r e  is something novel i n  t h e  mechanisms of j e c t i l e  types.  
T-1 
these  two reac t ions .  Before we can understand the   
T=O 
na tu re  of these  new f e a t u r e s ,  we must know the  na tu re  I 1 
of t hese  newly exc i t ed  l e v e l s .  We have the re fo re  
undertaken a program of conventional  nuclear  r eac t ion  
measurements a t  t he  Univers i ty  of Colorado and the  
Indiana Universi ty Cyclotron F a c i l i t y  t o  do spec t ro-  
scopy i n  t h e  mass-12 system a t  e x c i t a t i o n  energies  
above 18  MeV. A t  t he  Univers i ty  of Colorado we 
have t o  d a t e  obtained s p e c t r a  f o r  t he  11B(h,d)12c and 
l O B ( ~ , ~ )  12c reac t ions  a t  5 = 4 5  MeV. Cross s ec t ions  f o r  
t h e  1 4 ~ ( p , t ) 1 2 ~ ,  1 4 ~ ( p , h ) 1 2 ~ ,  14N(d,a)12c, 13c (d , t )12c  
and 3 ~ ( d , h )  2~ r eac t ions  have been measured a t  t h e  
Indiana Universi ty Cyclotron F a c i l i t y  a t  E =80 MeV and 
P 
Ed=66 MeV. 
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MeV l e v e l s ,  but  not  t he  19.6 MeV s t a t e .  The ( d , t )  t o  
(d,h)  population r a t i o  i nd i ca t e s  t h a t  both t he  T=O 
and 1 components of t he  20.6 MeV l e v e l  a r e  being ex- 
c i t e d  v i a  s i n g l e  neutron pickup. The spectrum shown i n  
Fig. 1 i l l u s t r a t e s  these  f ea tu re s .  
The OB(h ,p)  12c  cross  s ec t ions  were measured using 
a HPGe stopping de tec tor .  The o v e r a l l  de t ec to r  con- 
f i g u r a t i o n  allowed the  acqu i s i t i on  of spec t r a  extending 
up t o  ~ 4 2  MeV of e x c i t a t i o n  i n  12c. Of t he  t h r e e  l e v e l s  
mentioned above, only t he  20.6 MeV l e v e l  was observed 
c l ea r ly .  
The I l ~ ( h , d )  12c r eac t ion  s t rong ly  e x c i t e s  l e v e l s  
a t  18.3, 19.6 and 20.6 MeV. These r e s u l t s  s e rve  t o  make 
an i n t e r e s t i n g  comparison with some recent  12c(nf ,IT'') 
measurements3 which suggest  s p i n  mixing between l e v e l s  
a t  19.25 and 19.65 MeV. I n  t h e  ( IT,=' )  a r t i c k e  the  19.25 
MeV s t a t e  is  i d e n t i f i e d  a s  a proton conf igura t ion  while 
t he  19.65 MeV s t a t e  is s a i d  t o  be a neutron s t a t e .  Our 
r e s u l t s  show t h a t  the  l lB(h,d)  r eac t ion ,  which should, 
of course,  populate proton s t a t e s ,  exc i t e s  a 19.6 MeV 
s t a t e  but  shows v i r t u a l l y  no s t r eng th  a t  19.2 MeV. This 
observation is  cons i s t en t  with e a r l i e r  measurements by 
Reynolds e t  a ~ . ~  Thus, i f  t he  same l e v e l s  a r e  exci ted  
i n  t h e  two r eac t ions ,  t he  (h,d) and (IT,IT') r e s u l t s  a r e  
incons is ten t .  
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Figure 1. The T=1 Zeve Zs o f  the mass 12 system pop- 
ulated by the 13G'(d, 3 ~ e ) 1 2 ~  reaction a t  40 degrees. 
The !l+O ZeveZs are obtained by subtracting approx- 
imately one-half o f  the 12B spectrum from the data 
for the 3 ~ ( d ,  t )  2~ reaction, measured a t  the same 
time. The T=O ZeveZs a t  18.6, 20.6 and 22.6 MeV 
were previousZy unknown. The energy caZcuZation i s  
tentat ive .  
